We cloned a new gene from the amidase signature (AS) family, 24 designated am, from the marine actinomycete Salinispora arenicola 25 CNS-205. As indicated by bioinformatics analysis and site-directed 26 mutagenesis, the AM protein belonged to the AS family. AM was 27 expressed, purified, and characterised in Escherichia coli BL21 (DE3), 28 and the AM molecular mass was determined to be 51 kDa. The optimal 29 temperature and pH were 40 °C and pH 8.0, respectively. AM exhibited a 30 wide substrate spectrum and showed amidase, aryl acylamidase, and acyl 31 transferase activities. AM had high activity towards aromatic and 32 aliphatic amides. The AM substrate specificity for anilides was very 33 narrow; only propanil could be used as an effective substrate. The 34 extensive substrate range of AM indicates it may have broad potential 35 applications in biosynthetic processes and biodegradation.
Introduction
Carboxylic acid amides can be hydrolysed by amidases (EC 3.5.1.4), 40 forming carboxylic acids and ammonia. Most amidases also produce Aryl acylamidase activity assay 121 The aryl anilide pesticides propanil, butachlor and acetochlor were 122 assessed as substrates to determine the aryl acylamidase activity of AM. 123 The aryl acylamidase activity was verified following the method of Shen 124 et al. (2012) as follows: 1 μg of His 6 -AM was added to 0.2 mM anilide in 125 1 ml of 20 mM Tris-HCl, pH 8.0, 100 mM NaCl and incubated at 35 °C. 126 Addition of HCl changed the pH to 3, and the sample was extracted with 127 ethyl acetate, terminating the reaction. This organic layer was dried and 128 re-dissolved in methanol. Reverse-phase HPLC (Shimadzu LC-20 AD, 129 Waters 2998 photodiode array detector) with a Thermo C18 cartridge 130 (particle size 3 μ; 2.1×150 mm) and 250 nm detection wavelength was 131 used to recognise the reaction products, with 2:3 0.1% formic acid/methanol (isocratic elution mode) for 20 min at a flow rate of 0.2 ml 133 min −1 . 134 Hydroxylamine-acyl transferase activity assay 135 The acyl transfer activity was detected as described by Fournand et al. 136 (1998). All experiments were performed at 35 °C for 10 min, and the 
Effects of temperature and pH on enzyme activity
For determination of the optimal temperature, the experiments were 168 The impact of metal ions (Ni 2+ , Ba 2+ , Zn 2+ and Ca 2+ ) and chemical agents 169 (1,10-phenanthroline, EDTA, SDS and PMSF) on the amidase activity 170 was detected. The samples were preincubated for 10 min at 35 °C with 171 benzamide as a substrate, and then, the amidase activity was determined 172 as described previously. We demonstrated that this motif was the catalytic site through site-212 directed mutagenesis (Table 1) . Thus, we showed that AM of S. arenicola 
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C CAC AGC GGT GTT CTC CGC GAC CGC CAC CGG CAC CGT ACC CCC GGT GGC GCG TCC GGT GGA TCG GCC G S158A
(S) C GGC CGA TCC ACC GGA CGC GCC ACC GGG GGT ACG AAC GAC GGT CTC GGA GCG ATC CGG ATC CCG GCA G (S) S182A
The boldface type indicates the mutated amino acids.
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Expression and purification of AM 218 The fusion protein His 6 -AM was overexpressed in E. coli BL21 (DE3). 219 The purity of the purified fusion protein was greater than 90%. The SDS-220 PAGE results indicated that the molecular mass of the major band was 221 51.2 kDa (Fig 2) , which conformed to mass of the deduced protein 222 sequence. To obtain the molecular mass of the proteins, we analysed the His 6 -AM 228 fusion protein and three mutants (K84A, S158A, and S182A) by HPLC-229 ESI-HRMS. The molecular weights of the AM wild-type, K84A, S158A, 230 and S182A were 51.037, 50.980, 51.021, and 51.021 kDa, which were 231 consistent with the predicted values (Fig 3) . Effects of temperature and pH on AM activity and stability 239 To determine the optimal temperature, we assessed the amidase activity at 240 a temperature range from 15 to 65 °C with benzamide as the substrate. 241 The AM activity peaked at 40 °C, and it showed an excessively wide 242 peak (Fig 4a) . More than 50% of the residual activity was observed at 243 temperatures from 30 to 50 °C. Thermo stability tests indicated moderate 244 loss of amidase activity within 1 h up to approximately 45 °C (Fig 4b) . 245 Only 9% of the activity was observed at 55 °C after 1 h, and the amidase 246 activity was lost completely after 1 h at 60 °C. 247 The optimal pH for AM was determined in the buffers described in the 248 Materials and methods. Figure 4c indicates that AM was highly active 249 between pH 7.5 and 8.5. AM showed low activity below pH 4.5 or above 250 pH 10.0. For the pH stability test, AM was preincubated for 1 h at 251 different pH values, and the results indicated that more than 60% residual 252 activity was observed between pH 4.5 and 10.0 (Fig 4d) . 265 The majority of the metal ions, including Ba 2+ , Ca 2+ , Zn 2+ , and Ni 2+ , in the 266 assays exerted no noticeable effect on the amidase activity of AM (Table   267 2). Site-directed mutagenesis 298 The potential catalytic active site residues of AM were replaced by the 299 QuikChange site-directed mutagenesis kit. The mutants were 300 overexpressed in E. coli BL21 (DE3) cells and further purified as 301 described above. The results indicated that the AM K84, S158 and S182 302 mutants had no activity with benzamide as a substrate. These results 303 suggest that AM is a member of the AS family and utilises the highly 
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Table 2. Effects of metal ions and inhibitors on the amidase activity of AM
